INTRODUCTION
============

Various lumbar fusion approaches have been used to treat lumbar degenerative disc diseases, aiming at reducing low back pain, radiculopathy, and disability. Numerous comparative studies on the radiological and clinical outcomes of posterior lumbar interbody fusion (PLIF), transforaminal lumbar interbody fusion (TLIF), and anterior lumbar interbody fusion (ALIF) have been published[@B13],[@B21],[@B25],[@B31].

TLIF, which was first described by Harms and Rolinger[@B9] has been widely used for its safety, good outcomes, and a high fusion rate, amongst a variety of lumbar interbody fusion approaches[@B5],[@B8],[@B9],[@B11]. Surgeons are comfortable performing TLIF because it utilizes a posterior approach, and TLIF reduces dural retraction and enables direct neural decompression. However, this procedure carries risks for complications such as posterior spinal muscle injury, dural tears, and cerebrospinal fluid (CSF) leakage[@B15],[@B16],[@B26].

Recently, McAfee et al.[@B22] introduced direct lumbar interbody fusion (DLIF) by using a transpsoas retroperitoneal approach, and Ozgur et al.[@B24] proposed minimally invasive DLIF via a tubular system. DLIF allows surgeons to avoid the shortcomings of PLIF and TLIF, such as posterior element injury and dural tears, as well as those of ALIF, such as retrograde ejaculation due to great vessel injury and hypogastric sympathetic plexus injury[@B2],[@B27],[@B28]. However, DLIF can lead to psoas muscle injury and various types of nerve damage[@B4],[@B10],[@B20].

Until now, no comparative studies on the outcomes of DLIF and other fusion procedures based on radiological and clinical approaches have been conducted. The aim of our study was to analyze the outcomes of DLIF and TLIF considering the radiological outcomes, functional disability, pain, fusion rates, and patients\' complications.

MATERIALS AND METHODS
=====================

Patient data and inclusion criteria
-----------------------------------

This single-center study was conducted by 2 senior surgeons between January 2011 and December 2012. TLIF and DLIF were performed by the surgeons to treat equivalent lumbar degenerative diseases including spinal stenosis, spondylolisthesis, and recurrent disc herniation. As DLIF is not suitable for diseases with L5-S1 involvement, patients with diseases involving the L5-S1 level were excluded from the study. For the 2 groups of patients, the age, extent of the operation, operative levels, and bone mineral density (BMD) were examined. The cage height used in each procedure was also assessed.

Surgical technique
------------------

The TLIF group underwent unilateral open TLIF (fusion material : autologous bone), pedicle screw fixation on the surgical side, and contralateral pedicle screw fixation via an interfascial approach. The TLIF group was treated by using a single capstone cage (Medtronic, Minneapolis, MN, USA). The DLIF group underwent minimal invasive DLIF \[fusion material : demineralized bone matrix (DBM)\] by using a transpsoas retroperitoneal approach and percutaneous pedicle screw fixation. DLIF was performed using a DLIF system (Medtronic, Memphis, TN, USA) and a percutaneous pedicle screw fixation system (SEXTANT II® or Longitude system, Medtronic, Memphis, TN, USA). In addition, additional posterior decompression was performed for patients in the DLIF group (33 of 81 patients) who had severe central spinal stenosis or ruptured disc herniation. To compare patients with the same disease, patients who underwent posterior decompression in the DLIF group were included in the study ([Fig. 1](#F1){ref-type="fig"}).

Clinical evaluations
--------------------

Pre- and post-operative clinical outcomes were compared between the groups by using the scores obtained with the visual analog scale (VAS) and Oswestry disability index (ODI). Additionally, we assessed the length of hospital stay, operative time, and estimated blood loss (EBL) for each group.

Radiographic measurements
-------------------------

We measured the anterior and posterior disc heights, foraminal height, segmental sagittal and coronal angles, and lumbar lordosis on the preoperative and 12 months postoperative radiographs.

The measurements were performed by using plain lateral radiographs taken with the patients in the neutral position. The segmental sagittal/coronal angles were defined as the cobb angle of vertebral bodies adjacent to the operative level. Lumbar lordosis was defined as the angle between the upper endplates of L1 and S1 by using the Cobb method. Fusion was evaluated by using the Bridwell et al.[@B3] fusion grade system. According to this system, fusion grades are defined as follows : 1) grade 1, complete remodeling with trabeculae across the disc space; 2) grade 2, intact graft with no lucent lines observed between the graft and the adjacent endplates; 3) grade 3, intact graft but a radiolucent line is present between the graft and an adjacent endplate; and 4) grade 4, lucency along an entire border of the graft or around a pedicle screw or the subsidence of the graft. On the basis of the classification system, we considered grades 1 and 2 as successful fusion. We assessed fusion rates at 12 months post-operation. The measurements and evaluations on the basis of the radiographs were initially performed by one surgeon, and the 2 other surgeons reviewed and confirmed the results.

Statistical analysis
--------------------

We compared the radiological and clinical outcomes between the TLIF and DLIF groups by using an unpaired Student\'s t-test, Mann-Whitney U test, and the chi-squared test. We also compared the radiological and clinical outcomes pre- and post-surgery by using a paired t-test and Wilcoxon signed-rank test. Descriptive data were presented as mean±SD, and statistical significance was accepted as *p*\<0.05.

RESULTS
=======

The study included 81 patients who underwent DLIF (106 levels; 29 men and 52 women) and 98 patients who underwent TLIF (136 levels; 41 men and 57 women) to treat nearly identical lumbar degenerative diseases.

The mean ages of the DLIF and TLIF groups were 60.89±14.18 years and 62.79±11.89 years, respectively. The mean BMD T-score was -0.76±1.78 in the DLIF group and -1.16±1.31 in the TLIF group. The preoperative diagnosis, extent of the operation, and operative levels are presented in [Table 1](#T1){ref-type="table"}. No statistically significant differences (*p*\>0.05) were detected between the 2 groups in terms of the age, sex, preoperative diagnosis, extent of the operation, operative levels, and BMD ([Table 1](#T1){ref-type="table"}). The mean follow-up period was 16.5±5.8 months in the DLIF group and 16.6±5.7 months in the TLIF group. The most frequently used cage heights were 12 mm and 14 mm for both operative methods, with the cage heights being 10-16 mm in the DLIF group and 8-14 mm in the TLIF group. The mean cage heights were 12.94±1.30 mm and 12.45±1.59 mm in the DLIF and TLIF groups, respectively (*p*=0.043).

Clinical outcomes
-----------------

The preoperative VAS scores in the DLIF and TLIF groups were 6.43±1.18 and 6.53±0.80, respectively, whereas the corresponding post-operative VAS scores were 1.90±0.75 and 1.81±0.77, respectively. In both groups, the postoperative VAS scores revealed significant improvement in pain compared with the preoperative values (*p*\<0.001). No between-group differences in the pre- and post-operative VAS scores were noted (*p*\>0.05). In addition, the variation of the VAS scores pre- and post-surgery was not different between the groups (*p*=0.180). The preoperative ODI values in the DLIF and TLIF groups were 39.78±16.48% and 37.95±11.46%, respectively, versus postoperative values of 11.14±5.74% and 11.85±4.05%, respectively. In both groups, the postoperative ODI scores revealed significant improvements in pain compared to the preoperative values (*p*\<0.001). No between-group differences were noted for the preoperative and postoperative ODI values (*p*\>0.05). In addition, the variation of the ODI values pre- and post-surgery was not different between the groups (*p*=0.147) ([Table 2](#T2){ref-type="table"}).

The mean operative times were 128.83±33.23 min for 1-level surgery, 145.59±32.30 min for 2-level surgery, and 183.75±37.50 min for 3-level surgery in the DLIF group, versus 138.91±42.43 min, 194.67±36.76 min, and 252.50±22.54 min, respectively, in the TLIF group. A significant difference between the groups was observed for 2- and 3-level surgery (*p*\<0.001) but not for 1-level surgery (*p*\>0.05).

The mean EBL values were 153.83±104.75 mL, 173.53±79.92 mL, and 200.00±70.71 mL for 1-, 2-, and 3-level surgery, respectively, in the DLIF group, compared to 215.47±157.82 mL, 305.00±149.34 mL, and 462.50±165.90 mL, respectively, in the TLIF group. Significant differences between the groups in EBL were observed (*p*\<0.05).

Radiological outcomes
---------------------

A summary of the radiographic outcomes is presented in [Table 3](#T3){ref-type="table"}, [4](#T4){ref-type="table"}. The pre- and post-surgical anterior disc, posterior disc, and foraminal heights were not significantly different (*p*\>0.05). However, the anterior disc height changed from 10.82±3.61 mm preoperatively to 15.83±2.58 mm postoperatively in the DLIF group, and from 11.20±3.74 mm preoperatively to 13.06±3.20 mm postoperatively in the TLIF group; both changes were statistically significant (*p*\<0.001). The difference between the pre- and post-operative anterior disc height was greater in the DLIF group (5.00±3.09 mm vs. 2.02±2.65 mm; *p*\<0.001).

In addition, the pre- and post-operative changes in the posterior disc height were significantly different in both groups. The pre- and post-operative posterior disc heights were 7.71±2.68 mm and 11.75±2.40 mm, respectively, in the DLIF group, compared to 7.46±2.36 mm and 8.85±2.23 mm, respectively, in the TLIF group (*p*\<0.001). However, the change of the posterior disc height was greater in the DLIF group (4.04±2.60 mm vs. 1.39±2.01 mm; *p*\<0.001) ([Table 3](#T3){ref-type="table"}).

The foraminal height changed from 18.82±2.90 mm preoperatively to 25.37±2.41 mm postoperatively in the DLIF group, and from 18.57±3.60 mm preoperatively to 20.57±3.58 mm postoperatively in the TLIF group (*p*\<0.001). The change of the foraminal height was significantly greater in the DLIF group (6.55±2.92 mm vs. 2.00±1.96 mm; *p*\<0.001) ([Table 3](#T3){ref-type="table"}).

Prior to surgery, the segmental sagittal/coronal angles and lumbar lordosis were not different between the groups (*p*\>0.05). In the DLIF group, the segmental coronal angle changed from 4.11± 3.96° preoperatively to 1.17±1.29° postoperatively, whereas the value changed from 4.42±2.39° preoperatively to 3.43±1.55° postoperatively in the TLIF group (*p*\<0.001). The amount of variation in the segmental coronal angle was -2.93±3.18° in the DLIF group, compared to -1.00±1.49° in the TLIF group (*p*\<0.001). The segmental sagittal angle significantly increased from 8.64±9.87° preoperatively to 9.94±8.47° postoperatively in the DLIF group (*p*=0.027). However, lumbar lordosis did not change significantly post-operation in this group (40.12±13.26° vs. 41.47±11.49°; *p*=0.174). In the TLIF group, the segmental sagittal angle slightly increased from 10.23±5.28° preoperatively to 10.44±5.28° postoperatively, whereas lumbar lordosis did not change from 41.18±10.46° preoperatively to 41.32±10.18° postoperatively (*p*\>0.05) ([Table 4](#T4){ref-type="table"}).

The fusion rate was 87.7% (71 of 81 patients) at 12 months post-operation in the DLIF group, compared to 98.1% (96 of 98 patients) in the TLIF group (*p*=0.007).

Complications
-------------

In the DLIF group, complications related to additional transpsoas retroperitoneal approaches occurred in 16 patients (19.6%), including psoas muscle (10 patients, 12.3%), lateral femoral cutaneous nerve (4 patients, 4.9%), and genitofemoral nerve symptoms (2 patients, 2.5%). Most complications were temporary and disappeared within 2 months post-operation. In the TLIF group, infection occurred in 1 patient.

DISCUSSION
==========

TLIF techniques have been used to treat various degenerative lumbar disorders over the last 3 decades. This operative method utilizes a posterior approach, which sufficiently exposes the disc space by resecting a single facet joint, reduces retraction of the thecal sac and nerve root, and preserves the contralateral structure. Furthermore, its fusion rate is high[@B5],[@B8],[@B11],[@B26].

DLIF, a different fusion method, is also widely used for degenerative lumbar disorders, and its application has been expanded. DLIF avoids the risks of thecal sac injury, arachnoiditis, and CSF fistula, and it has superior in terms of indirect decompression and sagittal and coronal restoration[@B1],[@B18],[@B23]. By using a retroperitoneal space approach, it is possible to insert larger interbody cages supporting bilateral epiphyseal rings, reduce tissue trauma and blood loss, decrease the operative time, and preserve the posterior longitudinal ligament complex[@B19],[@B23]. However, the technique is associated with risks related to the transpsoas approach, including injuries to the psoas muscle, lateral femoral cutaneous nerve, geni-tofemoral nerve, and lumbosacral plexus[@B4],[@B10],[@B20]. In addition, patients with L5-S1 involvement are not suitable candidates for DLIF. An additional limiting factor is the requirement of additional posterior decompression when severe central spinal stenosis, uncontained disc herniation, or significant facet arthropathy is present[@B23].

No significant differences in clinical outcomes were observed between the TLIF and DLIF groups.

The DLIF group displayed greater corrective force than the TLIF group considering the intervertebral disc and foraminal heights. This result was predictable because of the differences between the groups in terms of surgical techniques and cage features. In DLIF, there is no structure obstructing cage insertion, and the insertion of larger cages is possible because disc distraction can be performed in the disc midline. Furthermore, as the cages are located on both sides of the ring apophysis, which is the strongest part of the vertebral body, disc distraction is effective and well preserved after cage insertion. On the other hand, in TLIF, cage insertion should be performed more cautiously to avoid complications resulting from damage in adjacent areas, owing to the presence of the posterior structure and dural sac. The cage is located in concave parts of the endplate, which might be related with the ineffective increase of disc height after TLIF cage insertion.

Compared with the TLIF group, the DLIF group displayed superior outcomes considering the correction of coronal balance. However, lumbar lordosis was similar outcomes between the groups. Although there was no significant difference in the segmental sagittal angle between the groups, DLIF was more effective in causing lordosis than TLIF, as indicated by the pre- and post-operative difference in the segmental sagittal angle[@B1]. There are a growing number of studies on the correction of sagittal and coronal balances in DLIF[@B1],[@B14],[@B17]. Similar to our results, DLIF has become applicable in correcting various degenerative lumbar deformities in adults as well[@B6],[@B12],[@B30].

The TLIF group exhibited a higher fusion rate than the DLIF group. Other studies have reported that the rate of bone fusion was 100% in patients who underwent posterolateral lumbar fusion with autologous bone, whereas in DBM, the fusion rate was 89.7%[@B7]. As a result, it appears that the fusion rate of the DLIF group who were treated with DBM was lower than that of the TLIF group with autologous bone.

In recent years, TLIF has evolved from open TLIF to minimally invasive TLIF, and DLIF has been more extensively used for deformity surgeries[@B6],[@B12],[@B29],[@B30]. On the basis of our results, TLIF appears to be more appropriate for surgeries on short segments; for the treatment of well-balanced spine diseases, ruptured disc herniation, or severe central spinal stenosis; and for patients with L5-S1 involvement. DLIF appears to be more appropriate for surgeries on long segments and for cases to restore or preserve sagittal and coronal angles.

The present study has some limitations. First, the follow-up period was relatively short for evaluating long-term clinical results. Second, we did not examine the effect of the screw type or that of open or percutaneous screw systems. Third, the effect of graft materials on the fusion rate also needs to be investigated for each group. Fourth, the effect of indirect decompression was not compared between the groups. We believe prospective long-term studies are necessary for a more comprehensive evaluation in the future.

CONCLUSION
==========

Both DLIF and TLIF are less invasive, good surgical options for degenerative lumbar diseases. According to our data, DLIF has higher potential in increasing neural foramina and correcting coronal balance, and involves a shorter operative time and reduced reduced EBL, in comparison with TLIF. However, DLIF displayed a lower fusion rate than TLIF, and caused additional complications related to the transpsoas approach.
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